Measurements of top quark properties

Lucio Cerrito
Queen Mary, University of London

(on behalf of the CDF and DY
Collaborations)

Rencontres de Moriond
QCD and High Energy Interactions
La Thuile, March 2009




Introduction to top quark properties

Branching ratios

T K:
opetal Rare decays
Particle type: weak isospin _ : Non-SM decays
partner of the bottom quark Production cross section W helicity
FB Asymmetry Vil ot §
Spin: +1/2 Differential cross section

Production mechanism
Resonance production
Stop, t’ production

Mass: 172.4+1.2 GeV/c?

Width: ~1.8 GeV/cR or ~107”% g

Couplings: Strong (color triplet),
EM (Q=+2e/3),
Weak (Iz1=+1/2)

Proton —>» <«— Antiproton

Decay: almost exclusively to W+b

Top charge
Top spin
Top mass
Also.... Top width
Single top cross section (IVil)
Anomalous coupling

jet
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Precision in top quarks

The Tevatron top physics program seen from the perspective of precision:
Collision data delivered and recorded vs. time Luminosity dominated
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Top g¢ and gq production

(i v t g N / : v y—=—1 8wy "N !
~~~~~~ ik ,,.,;g.,_,./\ T + v Y
v > , N\ I _ //‘::1"'~\\ — . .
T 7 g« 7 grrrvrt—=—f v ot Production through virtual Z
and y are much smaller
@ Tevatron: ~85% ~15%
More central, with More forward, with unlike spins
like spins . -
P Technique 2: Gluon radiation
Technique 1: Kinematic Information (angles) - @ Soft tracks multiplicity
Neural Network Templates - i -
[ : p | @ 8-variable NN output CDF data
0.09F et n — Fit result
0.08F- — " =
5 — bk o — No-gluon
onE Ajj E 5 —— Gluon-rich
0.06/ e
: A B o
0.05- L
z Q CDF Run Il Preliminary
e S r 'g : f Ldt~11fb"
0.03}—- B
g 3 6
02 Z .
202 4+
0.01 -
ix Tl flnnnnllo oo llaae i N 2"
035 04 045 05 055 06 065 07 0.75 0?” ~ ol

NN Qutput 5 10 15 20 25 30 35 40 45
Number of low p; tracks
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Top g¢ and g4g: Dilepton channel

Dilepton channel, no b-tag ‘ 2 fb'! | Ad: Opening Angle of the 2 leptons
_CDF Run Il Preliminary (2 ")

T T T T
‘ 2 fb'! | Data Sample & [ ]
P [= 35 Lo T 0 new g
CDF Run Il Preliminary (2 fb™ o - ——qq+gg +BG ;
2 V. [ ] S — F e e —] > - %\v\v\v\! gg + BG 1
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0.5 2.5

0 1 1.5 2

A¢ [rad]

HT>200+0S

| > 2 jets, HT and OS ' Fgg =0.53 ﬁ:; ( ;?3375 (stat) :?(?87 (SYSt) )
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Top ¢¢ and gq production: status

Current best: combination of NN and Soft Tracks
methods using Lepton+jets channel

FC band, Dilepton analysis
CDF Il Preliminary 2 fb”

True gg fraction

Measured gg fraction

True GG Fraction

f(gg)=00700

(~£70%)

S| | fb! FC band, Lep+jets analyses
11— —
0 95 CDF Run II (Prellmmary)
“E” Int. Luminosity 955 pb”
0.8
- | Measured Value = 0.073
0'7:_ +0.15
- | Sys+Stat: 0.07",;
0.6—
— | Limit at 95% CL: <0.38
0.5
0.49—_ ______________
0.3
— Feldman Cousins Combined
0.2z "l g [ es%CL.
- 1 95%C.L.
0'1; s g Best Value
: _4;‘__#%._«;:-‘”"?—»2 i "M fd | Lo o b by e by by 1
0% 0.8 1 1.2 14

04 02 -0 02 04 0.6

Fitted GG Fraction

[PRD79:031101,2009 (2009)]
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Events
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M differential cross section

do!
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W+b+jets Data Sample

CDF Run Il Preliminary L =2.7 b

N\ |l pata
& [l Top (7.2pb)
& \ [l single Top
Bw.nr
- Mistags
B Non-w
B z+iets

- Di-boson

E

5 Jets

1 Jet 2 Jets 3 Jets 4 Jets 2

| 24]ets'

N,—NPks updated from 1.7 fb™’

P 1
o [ LA

version with reduced
{7 systematics from JES

SVD Unfolding e i prefiminary

® Unfolded tt
— True tt
""" Pseudo-data tt
new
10 7 1
] é I
I
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1
0 200 400 600 800 1000 1200 1400
M. [GeV/c?]
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tt

do/dM [fb/GeV/c?]

M:: differential cross section (cont.)

—_
o

—

—
QS
L IIIIII| |

Differential Cross Section

CDF Il Preliminary

.()

—— SM Expectation

- SM Uncertainties
o CDFII Data,sz2.7 "

1 TeV

-

o

200

400

600

800 1000 1200 1400

Unfolded M, [GeV/c?]

For resonant production searches see the
talk on New Physics using top quarks

-Agreement with SM:

28% of PE have

larger deviation than observed.

-Dominant systematics from JES, PDF

and backgrounds

2.7 fb!

SM-agreement test
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Helicity of W bosons in top decays

» Positive W helicity f+ suppressed by chiral

Lepton angular decay

factors ~ M, | M, o 08
> Relative fraction of f, to f is: ©| 0.6}
b M /2M;, 04|
spin=1/2 fO — t . W2 E07 :
:pin =1/2 (V'A) 1 + Mt / 2MW 0.2 I
w :

— |eft-handed
= longitudinal
===+ right-handed
- sum (SM)

R
o
.

.
.
.
.
----
an®
aus

spin=1 0 !

f, f f,

3

X

+1

l—l/Z

+1/2 t +1/2 +1 ('o
1/2 Y

05 0 _ 05 1
cos 0

cos 0* is the angle between
the d-type fermion in the W
rest frame and the W flight-
direction in the top rest
frame
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Simultaneous f, and f, fractions

1.2 fb-! L+jets: sample selection ,
= : S new | 2+ |IEES cosB” inW—Iv
[ ] a a = = —

I Multijet D@ Preliminary, 1.2 fb - —

I Wii (< 60 D@ Run Il preliminary
)

CJwee l+jets new Q Lepton+jets channel —e— D@ data, 1.2 b (a)

I wbb = — Signal + background

B i; c Welbv SM Signal + background
Ll Background

20

=
o
I T T O Y

-1 -0.5 0 0.5 1
coso*
0.7 038 0.9 1
Discriminant
-1 . g . .
1.2 fb cosB* in W—jj w 1.7 fb"! cosO* in Dileptons
- 120 )
. - - N ol
% 100: DG Run Il preliminary = D@ Run Il preliminary
2 C Lepton+jets channel —e— DO data, 1.2 fb’ (b) 8 50 Dilepton channel —e— DQ data, 1.7 fo’' (c)
- T Wi — Signal + background = —— Signal + background
I.ICJ 80y W—=u SM Signal + background t 40 SM Signal + background
602--'-.-, | [ Background w [ Background
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fo and f, fractions: status

2.2-2.7 fb’! fovs f+

ol.2r
i DO Run Il Preliminary
1_
B L=2.2-27fb"
0.8~
0.6
0.41
0.2}
A
-0_2:l_lII|III|III|III|III|III|III
-0. 0.2 04 06 038 1 1.2
lf+
fo = 0.490 £ 0.106 (stat.) 4 0.085 (syst.)
f+ = 0.110 £ 0.059 (stat.) 4 0.052 (syst.).

1.9 fb-!

foand f-+

CDF Preliminary (JLdt=1.9 fb'!)
Assumes m¢ = 175 GeV/c2

Matrix Element:

TEERRERERR RN HHY
TR Hy

+

(fix f+=0.0)

£,=0.64 +£0.08 £0.07

i O

Cos 6* Unfolding:
®

£,=0.15+0.10£0.04

£,=0.38 +0.21+0.07

@ )
£,=0.01+0.05 +£0.03 (fix £0=07)

L -
(00 £,=0.66+0.10+0.06

Cos 0* Template:

@
£,=-0.03 £0.07 £0.03 £ =0.65+0.19£0.03
® (fix f0=0.7)
f,=-0.04 +0.04 +0.03 .
__ =
(fix £7=0.0) £ =0.59 +0.1120.04
|1 E L1 1 l L1 1 l 11 l | E | l 11
0 0.2 04 06 0.8 1

W-Helicity Fraction from Top Decay

fo =0.66 £ 0.16 and f, =-0.03 = 0.07
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Top Forward-Backward Asymmetry

Arises at higher than tree-level order [PRD 77, 014003]: Afv (SM, NLO)= 0.050 +/- 0.015

N(cos@ > 0) — N(cosf < 0)
N(cosf > 0) + N(cosf < 0)
N(AY >0) - N(AY < 0)
N(AY >0)+ N(AY <0)

PP _
AFB _

o _
AFB -

’ y g 3.2 fb-' | ppbar: Had top rapidity distribution- Q;
. ﬂ l LI l LI I LI l LI L l LI I L I T 11 [ UL l:
Y= Y; =0, Ay & 2007| Ap™=0.098+0.036 Bl =
v w — | A Sig*Bkg _ 776 events |
Ay _ b 1801 AmgB . ?=-0.019+ 0.0026 _+_ [ Signal + Bkg | =
160" CpF 11 Preliminary [ Bkg =
140 L=3.2fb" —+— 167 events N
(Pil=d new | —
100/ —
80| -
60 =
40— =
201 =
w Q% 45 a4 05 o0 0.5 1 15 ey 2
1 Y had
[PRL 100:142002,2008] Parton-level b Aw (pp)= 0.193 +0.065(stat) + 0.024(syst)
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Top quark charge

b (—1/3) b (-1/3)

83| 1.5 | Wcharge - Jet charge

I* . “F | lik
v : v : b : XM like
i\t (+2/3 "o\ 66490 [ :
wH N (+273) w-N\E (-4/3) W e
Standard . 30~ [IBkgs
Model Exotic-Charge af - data
Top Quark Top Quark : |
10—
See [D. Chang et al., PRD59 (1999) 091503] for details 8 OO S s
W charge * Jet charge

Requires b-quark charge from jet charge

> (Weighted) sum of charge of tracks in b-jet
> Calibrated using bb dijets, with 1 soft p

f. = fraction of pairs with top charge +2/3

f+ Generated
© © o o
[=;] ~

(3]

o ¢
»

ES f =-0.13+0.66(stat)20.1 | (syst)
f. <08 @ 90% C.L. [PRL 98:041801,2007]

,
/
.
4 | | | |
..... oo b b b by 1

1.5 fb!

FC band for f+

95% C.L.

90% C.L.

68.28% C.L.

Most Likely
Value

|q|=4¢e/3 excluded at ~90% C.L.
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Measurements of |V, |and top width

Under the assumption of unitarity and three generations of quarks:

1V, |=0.9991007000004
_ B(t— Wb)

[J.of Phys. G 33, 1 (2006)]

| Vio |2

Fits on Reconstructed Mass

Bt—Wgq) | V|24 |Vis |2+ | Via|?

Measure the branching ratio by counting the
rate of b-tags in t-tbar events

0.9 fb™!

Tag multiplicity

Events/(15 GeV/cz)

N
=
o

L=0.9 fb’

Number of events

B Multijet

1 =2

Number of tagged jets

R =0.97" 0. (stat + syst)
|Vi] > 0.89 @ 95% C.L.

Events/(15 GeV/cz)

100

(~£10%)

[ PRL100:192003,2008) ]
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Signal + Bkgd

e
[
050

Bkad only

3]
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R

250 300

| IS S B
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[top < 13.1 GeV at 95% C.L.

[ PRL 102, 042001 (2009) ]
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Summary

The Tevatron top physics program seen from the perspective of precision:
Collision data delivered and recorded vs. time Luminosity dominated

Luminosity 151‘?0?'1?, e g g _am_ Pair.production Cross
oo @R N nDTTE SECHON ..o +9% (combined)
50002_” i R _ and +10-25%
a000F- 2R Y 3
3000F_ p ___________________ e T E
2000- . ;D\ehverzd - Systematics dominated
00— AP — AT E Toorni o N +0.7%
1%30 2 00«4000 | 6000 7005 i i
Run Il Integrated Luminosity [ 19 Avrit2002 - s march 2009 ] Statistics dominated
“ , (Single top production)
s // Production mechanism...... ~+70%
. //// Differential cross section... up to ~1 TeV
: : _///:} BV helicity ... Sessa... 3 ~+15%
‘: - — y mivalm FB Asymmetry................... ~+140%
3 — 4 _//,/ Top charge......... not 4e/3, @~90% CL
:Z > — — Delivered |th| ................................... ~i1 OOA)
. =g NI py Wik T“f“[“"'? Top width ........... <13.1 GeV @ 95%CL
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Summary

The Tevatron top physics program seen from the perspective of precision:

Luminosity dominated
Pair production cross

section ..... .. . +9% (combined)
and £10-25%

For more information visit:
Systematics dominated

&5 Top niEEs.. sd>. N . . +0.7%
http://www-cdf.fnal.gov/physics/new/top/top.html
DS Statistics dominated
http://www-d0.fnal.gov/Run2Physics/WWW/results/top.htm (Single top production)
Production mechanism...... ~+70%
Differential cross section... up to ~1 TeV
WV helicityly... ..ot ... 350 =15
FB Asymmetry................... ~+140%
Top charge......... not 4e/3, @~90% CL
Vol ... 0. ... ~+10%
Top width ........... <13.1 GeV @ 95%CL
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Backup
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Anomalous couplings
D&Y 22270

L = —%57" Vis(FE P + R PR)W,

_ iV 7 y—
S5V, prps + he

\/'5 M W

Observables:
-rate and kinematics of single top
-W helicity states o« 2

T~ “| D@ Preliminary 0.9-2.7 fb"
-0 ® Measured Peak

. I 68% C.L.
Check 2 at a time 1.5/ [

i Wo0% C.L.

i B95% C.L.
o~ 2 17
&~ “[ DO Preliminary 0.9-2.7 fb" i
- 0 ® Measured Peak i
1_5} [Je8% C.L. 0.5"

Moo%C.L.

.95°A’ et @

2
It

I~ “ DO Preliminary 0.9-2.7 fb"
i ® Measured Peak

1.5 []68% C.L.
i W0% C.L.
i B95% C.L.
1
0.5-

L) 1 2 3

L|2

14
i DO Run Il Preliminary
1_
§ L=2.2-2.7fb"
0.8~ Best fit value
i * SM value
B B -0
0.6 S B f1|2' =0
- . HElf5-o0
0.4~
0.2
0:_ ___________________________________________________
-0.2:|_ 1 1 | I 1 1 | 1 1 | I 1 1 | 1 1 | 1 1 | 1 1
-0. 0 02 04 06 0.8 1 1.2
f+
Scenario Coupling Coupling limit if fi* =1
(fE A1) 1F2)2 = 1367058
fRZ <072 |fFRI2 <072
(ffs f2) |7 ]? = 144555
51?2 <030 17512 < 0.19
(FE ) 1FL)P = 116255
fR2 <019 B2 <0.20
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Measurement of |V, |

Under the assumption of unitarity and three generations of quarks:
1V, 1=0.999100" ) 000n [J-0f Phys. G 33, 1 (2006)]
_ B(t—> VVb) _ | Vip |2

Bit—Wq) |V [P+ | Vis >+ [ Via |°

Can measure the branching ratio by counting the rate of }

b-tags in ttbar events
w O vs R Fit

117

tt tagging probability

0.9 fb-! | Tag multiplicity

oy(pb)

10

L=0.9fb”' +D@Data o
Bt o] %
"other :

o W+jets | 95% C.L.

BMultijet | ©8%CL
> 08 09 1 14 12

R =0.97" 0, (stat + syst)
V| > 0.89 @ 95% C.L.

[ PRL100:192003,2008) ]

Cc
=
(<

400

Number of events

200

1 >2
Number of tagged jets
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Top Forward-Backward Asymmetry

Arises at higher than tree-level order (pro 77, 014003): Afr (SM, NLO)= 0.050 +/- 0.015

Al — A’i(AY >0) - A’i(/—\Y < O). Ql . APP N(cosf > 0) — N(cosf < O).
N(AY >0)+N(AY <0) FB ™ N(cosf > 0) + N(cosf < 0)
Ye-y; =0 Ay
Ay=yt1ep'ythad ’ b

1.9 fb-! Production Angle

RapiditYdistribution ﬂ 7\\\‘\\\‘\\\‘\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\7
8 p § 1201 Acorrected =017 +0 O7stat 0.0 4SYS |
ammm -o- CDF Data MC asymmetry: & - b =0.17 = 0. +0. [ ]
- —MC@NLO +bkg | — A=5% . ]
- = = rew. Pythia + bkg - - A=24% i —— Data l |
s F T ¢ _ 100 m— -
o I 1 - tt (8.2pb) il
100} non-W bkg (- b [l Backgrounds
L W EW bk -
W+Iighstg Njets* 4 /\
I W+charm
I W+bb _
q q’
50
-4 -2 0 2 4 1 -0.8 -06-04-02 0 02 04 06 08 1
6y. QI CDF Run Il Preliminary -QI .Cos ©
At (tt)= 0.24 + (0.13)stat £ (0.04)svst A (pp)= 0.17 +/- (0.07)stat +/- (0.04)syst
€85 [PRL 101:202001 (2008)] w [PRL 100:142002,2008]
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Events

50

40

20

10

0

qq vs gg:Angle between top momentum
and proton direction

cos B’

K CDF Run |l
- % Data
- —— Total tt+ Background
Background
- == All gg hypothesis
= «««« All g hypothesis
-
tllll '111 lll' AJILL"JllLL 1111
-1 -08 06 -04 -02 O 02 04 06 08 1

Events / 0.2

Afb: angle between top and proton

direction
i - -1
120} ~— CDFData (L _=1.91b")
) [] ti(MC@NLO, A =0.04)
100'_ {1 t(rew. Pythia, A% =0.17)
B . background

80

60; 4_

40

20

0'1 -018 '0.6 '0-4 -012 0 0-2 0-4 0-6 0-8 1

cos ©
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W helicity: Reconstructed lepton angle
wrt top direction in W frame

1.9 fb-!

Had top rapidity distribution

14
o ||||||

g [
c 151
o | e
. .
R —
® .
% -
- 1+
o L
0.5}~
K
uJ

A;:t?rrected —0.17 = 0.07stat + 0.04SYS

longitudinal
- = let-handed 70
----- right-handed
= background 60

-2 -15 -1

CDF Run Il Preliminary
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Afb: Backgrounds
| Rapidity for >=4 Tight Jets + bTag Sample |

*2 30| AX°-=-0.017+0.036 Bkgr for L = 3.2 fb™:
3 AYHF  0,087+0.0052 [ acp
W 25| AL =.0.044+0.0079 0 w+HF

I Mistags

AP - .0.16+0.012

20 AL _ () 140,032 [ single top
Zrjets [ wwiwzizz

[ Z+jets

15

- CDF II Preliminary
- Afb: 0-Tag sample
10— -~ .
- Reconstructed "Top" Rapidity -- Antitagged
- 2 _ T 1 T | L I T 1T 177 | | L ] T 177 | L L l 1T 177 I LI ]
5 § 4001 AD**=.0.016+0.024 -8 Data =
= w | L Sig+Bkg _ 1728 events | T
- 3500 A,kag - -0.024 + 0.0079 [ signal + Bkg | -
of - |_Ag®=-0.026+0.0096 1728 events | -
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 300~  CDF I Preliminary [ Bkg =
-Qlep X Yhad = L=321b 1415 events |
250 —
200 —
150 E
100— —
50— —
0245 a4 05 o0 0.5 1 1.5 2
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